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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. Claims 1 , 3 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Watanabe (US 4776894 as cited in the IDS) in view of Yamagishi (US 4926230). 

As to claim 1, Watanabe teaches a stacked layer type photoelectric conversion 

device comprising: 

• A plurality of conversion units stacked (column 3, lines 60-65) on a 
substrate (column 3, line 65 to column 4, line 1), each of which includes 
one conductivity type layer, a photoelectric conversion layer of 
substantially intrinsic semiconductor and an opposite conductivity type 
layer in this order from a light incident side (column 4, lines 17-29), 
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• At least one of the opposite conductivity type layer in a front photoelectric 
conversion unit arranged relatively closer to the light incident side and the 
one conductivity type layer in a back photoelectric conversion unit 
arranged adjacent to the front photoelectric conversion (column 4, lines 
29-32) unit includes a silicon composite layer at least in a part thereof 
(layers 33 and 42, column 4, lines 29-32), and 

• The silicon composite layer has an oxygen concentration (column 4, lines 
36-48; Examiner notes that a-SiOx is desirable for increasing bandwidth) 
of more than 25 atomic % and less than 60 atomic % (column 8, lines 36- 
39) and includes silicon rich phase parts in an amorphous (column 4, lines 
36-48) alloy phase of silicon and oxygen. 

Watanabe is silent to the composite layer thickness being more than 20 nm and 
less than 130 nm. 

Yamagishi teaches a thickness in the range of 7 nm to 70 nm depending on the 
dopant concentration to optimize absorption loss (column 2, lines 19-41). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to use a layer having a thickness that falls with in the claimed range would 
increase the active regions of the cells and that the thickness range is dependent on the 
dopant concentration, as taught by Yamagishi (column 2, lines 19-41). 

Regarding claim 3, Watanabe teaches that the silicon rich phase part includes 
doped amorphous silicon (column 4, lines 36-48). 
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Regarding claim 8, Watanabe teaches that an optical energy gap of the silicon 
composite layer is at least 2.2 eV (column 5, lines 55-59). Moreover, a wider bandgap 
is desirable for improving efficiency by decreasing the absorption of light, as taught by 
Watanabe (column 1, lines 50-67). 

4. Claims 2 and 4-7 and 9 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Watanabe and Yamagishi as applied to claim 1 and further in view of 
Nakamura (JP 59035016). 

Applicant is directed to the above paragraphs for a complete discussion of 
Watanabe and Yamagishi as applied to claim 1 . 

Regarding claim 2, Watanabe is silent to that the silicon rich phase part includes 
a silicon crystal phase. 

Nakamura teaches that the silicon rich phase part includes a silicon crystal phase 
(abstract). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to us the amorphous and crystalline silicon of Nakamura in the composite 
layer of Watanabe because the solar cell will have the merits of both phases, as taught 
by Nakamura (abstract). Amorphous silicon has the advantage that it can easily be 
deposited over large areas while the advantage of crystalline silicon is the increased 
stability against light exposure. 

Regarding claim 4, the silicon composite layer with a thickness of greater than 20 
nm but less than 130 nm, a oxygen composition of more than 25 atomic % but less than 
60 atomic % and both amorphous and crystalline phases, resulting from the 
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modification of Watanabe with Yamagishi and Nakamura according to claims 1 and 2, 
see paragraphs above, will inherently have an reflective index regarding light of 600 nm 
wavelength is more than 1 .7 and less than 2.5. 

Regarding claim 5, Watanabe teaches that the substrate is transparent (column 
3, lines 60-64). In addition, the silicon composite layer with a thickness of greater than 
20 nm but less than 130 nm, a oxygen composition of more than 25 atomic % but less 
than 60 atomic % and both amorphous and crystalline phases, resulting from the 
modification of Watanabe with Yamagishi and Nakamura according to claims 1 and 2, 
see paragraphs above, will inherently have a reflection spectrum of at least one 
maximal value and at least one minimal value of reflectance in a wavelength range of 
500 nm to 800 nm and a difference between the maximal value and the minimal value is 
at least 1 % because there are no structural differences between the modified device of 
Watanabe and that of the claimed invention. 

Regarding claim 6, the silicon composite layer with a thickness of greater than 20 
nm but less than 130 nm, a oxygen composition of more than 25 atomic % but less than 
60 atomic % and both amorphous and crystalline phases, resulting from the 
modification of Watanabe with Yamagishi and Nakamura according to claims 1 and 2, 
see paragraphs above, will inherently have a dark conductivity of more than 10" 8 S/cm 
and less than 10" 1 S/cm because there are no structural differences between the 
modified device of Watanabe and that of the claimed invention. 

Regarding claim 7, the silicon composite layer with a thickness of greater than 20 
nm but less than 130 nm, a oxygen composition of more than 25 atomic % but less than 
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60 atomic % and both amorphous and crystalline phases, resulting from the 
modification of Watanabe with Yamagishi and Nakamura according to claims 1 and 2, 
see paragraphs above, will inherently have an intensity ratio of TO mode peak from the 
crystalline parts to a TO mode peak from the amorphous parts measure by Raman 
scattering more than 0.5 and less than 10 because there are no structural differences 
between the modified device of Watanabe and that of the claimed invention. 

Regarding claim 9, the silicon composite layer with a thickness of greater than 20 
nm but less than 130 nm, a oxygen composition of more than 25 atomic % but less than 
60 atomic % and both amorphous and crystalline phases, resulting from the 
modification of Watanabe with Yamagishi and Nakamura according to claims 1 and 2, 
see paragraphs above, will inherently have an energy difference between upper most 
energy of a photoelectron having suffered interband excitation loss of 01s and peak 
energy of the 01s photoelectron measured by XPS is at least 2.2 eV because there are 
no structural differences between the modified device of Watanabe and that of the 
claimed invention. 

5. Claims 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Watanabe and Yamagishi as applied to claim 1 and further in view of Yoshida (US 
4875944). 

Applicant is directed to the above paragraphs for a complete discussion of 
Watanabe and Yamagishi as applied to claim 1 . 
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Regarding claim 10, Watanabe and Yamagishi are silent to a dopant 
concentration in the silicon composite layer is in a range from 3x1 0 20 cm" 3 to 1 .8x1 0 21 
cm" 3 . 

Yoshida teaches a dopant concentration in the silicon composite layer is in a 
range from 3x1 0 20 cm" 3 to 1 .8x1 0 21 cm" 3 (column 3, lines 7-18). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to use the dopant concentration of Yoshida in the composite layer of 
Watanabe because the conversion efficiency remains high for a long period of time, as 
taught by Yoshida (column 3, lines 7-18). 

6. Claims 11-13 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Watanabe and Yamagishi as applied to claim 1 and further in view of Kondo (JP 2002- 
170973, see machine translation). 

Applicant is directed to the above paragraphs for a complete discussion of 
Watanabe and Yamagishi as applied to claim 1 . 

Regarding claims 11-12, Watanabe and Yamagishi are silent to the substrate 
having the silicon composite layer deposited to a part of its total thickness in a plasma 
CVD reaction chamber is temporarily taken out to expose a surface of the silicon 
composite layer to the ambient air and then after the substrate is introduced again into a 
plasma CVD reaction chamber the remaining part of the total thickness of the silicon 
composite layer is deposited. 
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Further regarding claim 12, Watanabe and Yamagishi are silent to taking the 
substrate out from the plasma CVD reaction chamber to the ambient air after at least 
60% of the total thickness of the silicon composite layer is deposited. 

Kondo teaches having the silicon composite layer deposited to a part of its total 
thickness in a plasma CVD reaction (1f [0008]) chamber is temporarily taken out to 
expose a surface of the silicon composite layer to the ambient air and then after the 
substrate is introduced again into a plasma CVD reaction chamber the remaining part of 
the total thickness of the silicon composite layer is deposited and that the substrate is 
taken out from the plasma CVD reaction chamber to the ambient air after at least 60% 
(If [0008], [0009], [0010], and [0012], where exposure at the end is greater than 60%) of 
the total thickness of the silicon composite layer is deposited. 

It would have been obvious to one of ordinary skill at the time of the invention to 
use the expose technique of Kondo in the module preparation of Wantanabe because 
the technique is low in cost and improves the module's stability and resistance to the 
environment, as taught by Kondo fl] s [0003] and [0007]]). Furthermore, it would have 
been obvious to one of ordinary skill in the art to use taking the product out of the CVD 
as a means for exposing the product to atmosphere (ambient) oxygen and then putting 
it back in to continue CVD of the following layers. 

Regarding claim 13, Watanabe teaches a mixing ratio of doping source gas to 
silicon source gas for deposition of the silicon composite layer in a plasma CVD reaction 
chamber is in a range from 0.012 to 0.07 (Table 3, layer 33, PH 3 /SiH 4 ). 
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7. Claims 14-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hayashi (EP 1198014) in view of Watanabe and further in view of Yamagishi. 

As to claim 14, Hayashi teaches an integrated type photoelectric conversion 

device comprising: 

• A first electrode layer (3), 

• A plurality of conversion units stacked on a substrate, each of which 
includes one conductivity type layer (4a), and an opposite conductivity 
type layer (4b) in this order from a light incident side (Figure 2, ^ [0026]), 

• A second electrode (6) layer successively stacked on a substrate 
separated by a plurality of isolation grooves (21 , 22, 23) to form a plurality 
of photoelectric conversion cells (figure 2, If [0027]), and 

• The cells are electrically connected in series (U [0030]) with each other. 
Hayashi is silent to: 

• A photoelectric conversion layer of substantially intrinsic semiconductor, 
and 

• A plurality of stacked photoelectric conversion units each including: 

o At least one of the opposite conductivity type layer in a front 
photoelectric conversion unit arranged relatively closer to the light 
incident side and the one conductivity type layer in a back 
photoelectric conversion unit arranged adjacent to the front 
photoelectric conversion unit includes a silicon composite layer at 
least in a part thereof, and 
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• The silicon composite layer has a thickness of more than 20nm and less 
than 130nm and an oxygen concentration of more than 25 atomic % and 
less than 60 atomic % and includes silicon rich phase parts in an 
amorphous alloy phase of silicon and oxygen. 

Watanabe teaches: 

• A photoelectric conversion layer of substantially intrinsic semiconductor 
(column 4, lines 17-32), and 

• A plurality of stacked photoelectric conversion units each including: 

o At least one of the opposite conductivity type layer in a front 
photoelectric conversion unit arranged relatively closer to the light 
incident side and the one conductivity type layer in a back 
photoelectric conversion unit arranged adjacent to the front 
photoelectric conversion unit (column 4, lines 17-32), includes a 
silicon composite layer at least in a part thereof (layers 33 and 42, 
column 4, lines 29-32), and 

• The silicon composite layer has an oxygen concentration (column 4, lines 
36-48; Examiner notes that a-SiOx is desirable for increasing bandwidth) 
of more than 25 atomic % and less than 60 atomic % (column 8, lines 36- 
39) and includes silicon rich phase parts in an amorphous (column 4, lines 
36-48) alloy phase of silicon and oxygen. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to use a layer having a thickness that falls with in the claimed range would 
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increase the active regions of the cells and that the thickness range is dependent on the 
dopant concentration, as taught by Yamagishi (column 2, lines 19-41). 

Hayashi and Watanabe are silent to the composite layer thickness being more 
than 20 nm and less than 130 nm. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to increase the composite layer thickness of the composite layer used in 
Watanabe because this would increase the active regions of the cells. Furthermore, it 
has been held that discovering the optimum value of a result effective variable involves 
only routing skill in art (MPEP, 2144.05, I IB), especially since Yamagishi teaches a 
thickness in the range of 7 nm to 70 nm depending on the dopant concentration to 
optimize absorption loss (column 2, lines 19-41). 

Regarding claim 15, Hayashi teaches that the first electrode layer (3) is 
separated into a plurality of regions corresponding to the plurality of photoelectric 
conversion cells (10) by a plurality of first isolation grooves (21), the plurality of 
photoelectric conversion unit layers (4a, 4b) and the second electrode layer (6) are 
separated into a plurality of regions corresponding to the plurality of cells by a plurality 
of second isolation grooves (22) and a connection groove (23) is provided between the 
first isolation groove (21) and the second isolation groove to electrically connect the first 
electrode of one of the cells with the second electrode of its neighboring cell (Figure 2, 
Us [0026], [0027], [0030]). 

Correspondence/ Contact Information 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to MIRIAM BERDICHEVSKY whose telephone number is 
(571)270-5256. The examiner can normally be reached on M-Th, 7:30am-6pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jessica Ward can be reached on (571) 272-1223. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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